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s  u  m  m  a  r  y
Balloon  atrial  septostomy  (BAS),  which  involves  artiﬁcially  creating  a communication  across  the intera-
trial  septum  following  trans-septal  puncture  and  repetitive  balloon  dilatation,  is known  to  be associated
with  therapeutic  beneﬁt  in patients  with  severe  pulmonary  artery  hypertension  (PAH).  Adult  patients
with  large  shunts  and  consequent  severe  PAH  are  not  uncommon  in the  developing  world,  since  they
often  seek  medical  attention  late  in  the  course  of  the disease.  Often  PAH  in  such  cases  is reversible  witheywords:
eart defects
ongenital
eptal defects
eart  defects
amelioration  of symptoms  after  closure  of the  defect.  We  report  a case  of large  atrial  septal  defect  (ASD)
with  severe  PAH  who  developed  gross  right  heart  failure  following  surgical  closure  of  the  ASD. A suc-
cessful  bail  out BAS  was  performed  using  an  Inoue  balloon,  avoiding  the  need  for  a  redo  surgery.  The case
highlights  for  the  ﬁrst time  the  use  of Inoue  balloon  for performing  a successful  BAS.
© 2012  Japanese  College  of  Cardiology.  Published  by  Elsevier  Ltd.  All rights  reserved.
nterventional
ntroduction
Balloon atrial septostomy (BAS) has emerged as an effective
alliative treatment in patients with severe pulmonary arterial
ypertension (PAH) and is associated with notable improvement
n symptoms, exercise capacity, and survival [1–3]. We  describe
 case with large atrial septal defect (ASD) and severe PAH who
eveloped gross right heart failure following surgical closure of the
efect. A palliative BAS using an Inoue balloon was performed with
ratifying results. To the best of our knowledge BAS using an Inoue
alloon for such an indication has not yet been reported.
ase report
A  28-year-old man, presented with shortness of breath and
alpitations for the past 10 years. Clinical examination revealed
resence of a large secundum ASD, which was conﬁrmed on
wo-dimensional echocardiography. There was moderate tricuspid
egurgitation on echocardiography, and the predicted right ven-
ricular (RV) systolic pressure was 80 mmHg  (against a systemic
ressure of 140 mmHg). Since the patient was  acyantoic and had
linical evidence of increased pulmonary ﬂow (audible tricuspid
ow rumble, right ventricular S3), he underwent a pericardial patch
losure of the ASD. However, post-operatively he developed signs
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∗ Corresponding author. Fax: +91 0522 2668573.
E-mail  address: akapoor65@gmail.com (A. Kapoor).
878-5409/$ – see front matter © 2012 Japanese College of Cardiology. Published by Else
ttp://dx.doi.org/10.1016/j.jccase.2012.02.002of right heart failure with bilateral pleural effusions, requiring pro-
longed intercostal tube drainage. On the ﬁrst post-operative day,
the central venous pressure (CVP) varied around 18–20 mmHg,
there was  evidence of raised jugular venous pressure, and ascites
with liver enlargement, nearly 6 cm below the right costal margin.
A repeat echocardiogram on the ﬁrst post-operative day revealed
moderate RV systolic dysfunction, predicted RV systolic pressure
of 92 mmHg  with mild pericardial effusion; the pericardial patch
across the ASD was in place (Fig. 1a). It was evident that follow-
ing the ASD closure, the RV was  unable to decompress adequately,
leading to development of right heart failure and RV dysfunction. A
trial of vasodilator therapy in the form of oral sildenfail (25 mg tid)
was instituted, since inhalational NO or prostacyclin was not avail-
able. However even after 1 week of oral sildenaﬁl (titrated to 50 mg
tid), the patient did not have any symptomatic improvement and
features of systemic congestion persisted with a high CVP (∼20 mm
Hg). At this time, in the absence of any other form of vasodilator
therapy available to us, the options available were: (a) to re-operate
and take down the ASD patch; or (b) attempt to create an artiﬁcial
inter-atrial communication in order to decompress the RV, by per-
forming a BAS. In view of the risks involved in the redo surgery, a
bail out BAS was planned.
BAS  procedureAfter informed consent, bilateral femoral venous and left
femoral arterial access was obtained from the groin. A complete
right and left heart pressure study was performed, hemodynamic
and saturation data recorded and cardiac index (CI) was calculated
vier Ltd. All rights reserved.
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Figure 1. Two-dimensional echocardiogram (apical 4-C view) showing intact inter-atrial septum with pericardial patch in place (a), and creation of an atrial septal defect
following balloon atrial septostomy (b).
Table 1
Saturation and hemodynamic data of the patient pre- and post-procedure.
Chamber Pre-BAS Sat Post-BAS Sat Pre-BAS Pr. Post-BAS Pr.
SVC 61 62
IVC  68 67
RA  (a/v/mean) 65 65 11/12/11 13/9/11
RV  (systolic/EDP) 65 68 78/11 75/10
PA  (systolic/diastolic/mean) 65 68 78/38/51 75/34/48
PCW  (a/v/mean) 96 97 10/8/8 12/8/9
LA  (a/v/mean) 96 93 12/9/9
LV  (systolic/EDP) 96 93 140/8 138/10
Aorta  (systolic/diastolic/mean) 95 93 140/66/92 138/68/94
Cardiac  output (L/min) 3.8 3.6
Pulmonary vascular resistance index (wood units) 11.3 9.5
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mm  Hg); Post-BAS Pr, post-balloon atrial septostomy pressure (mm  Hg); EDP, end
sing the indirect Fick principle with assumed oxygen consump-
ion values (Table 1) [4]. The baseline RV systolic pressure was
8 mmHg  as against a systemic pressure of 140 mmHg  systolic, and
he calculated pulmonary vascular resistance (PVR) was 11.3 (wood
nits).
Trans-septal puncture was performed using the Brockenbor-
ugh technique in the usual manner. Since the pericardial patch
as in place, we performed the puncture mainly using ﬂuoro-
copic guidance, taking the help of the pigtail catheter placed in the
on-coronary aortic sinus, and directing the needle tip posteriorly
etween 4’o and 5’o clock positions in the LAO 50 projection. Due
o the dilated RA, the septal puncture was performed at a slightly
ore caudal position than normal.
After obtaining access into the left atrium (LA), heparin
100 U/kg) was administered and LA pressure and saturation
btained (Table 1). The inter-atrial septum was dilated using the
noue trans-septal dilator. Following this a 24-mm Inoue balloon
as threaded over the coiled Inoue wire which had been placed in
he LA. Once the Inoue balloon was in the LA, the distal portion was
nﬂated, and the partially inﬂated balloon withdrawn so that it was
traddling the pericardial patch. This was conﬁrmed both on ﬂu-
roscopy and trans-thoracic echocardiography. Once the partially
nﬂated balloon was seated well across the septum, it was  inﬂated
ully. Appearance and subsequent disappearance of the waist was
oted, conﬁrming the creation of an inter-atrial communication
cross the pericardial patch (Fig. 2a and b).
This was visualized immediately on the echocardiogram which
evealed an adequate “artiﬁcially created ASD” of 11 mm (Fig. 1b);
ontrast echocardiography with agitated saline, conﬁrmed ade-
uate opaciﬁcation of LA across the “created ASD” (Video 1). We
id not upsize the balloon, due to concerns of creating an over-
ized communication (see below). A repeat right and left heartial septostomy saturation (%); Pre-BAS Pr, pre-balloon atrial septostomy pressure
olic pressure.
pressure  study was performed, which revealed that the RV pressure
was 75 mmHg, against a systemic pressure of 138 mmHg systolic
with a calculated PVR of 9.5 wood units; expectedly there was sys-
temic desaturation with a systemic saturation of 93% (compared to
pre-BAS saturation of 95%, Table 1).
The patient’s congestive features subsided rapidly and he was
discharged a week later. An echocardiography done 2 weeks later,
revealed the RV systolic pressure to be 70 mmHg, adequate right-
to-left shunt across the created ASD, and some improvement in
the RV systolic function. Presently he is completely asymptomatic
nearly 8 months after the procedure.
Discussion
BAS, which involves artiﬁcially creating a communication across
the interatrial septum following trans-septal puncture and repeti-
tive balloon dilatation, is known to be associated with therapeutic
beneﬁt in patients with severe PAH [1–3]. Although it inevitably
leads to right-to-left shunting across the atrial septum with resul-
tant hypoxemia, there is an increase in tissue oxygen delivery
and improved left ventricular ﬁlling and output [5]. Resultant RV
decompression is accompanied by unloading of the ventricle with
reduced ﬁlling pressures and improved forward output. In our case
too it was evident that the RV was unable to decompress ade-
quately after the ASD closure; in view of the severe PAH, forward
failure of the RV was  precipitated leading to clinical signs of right
heart failure. Since the patient was  sick and in gross heart failure,
due to suboptimal echo windows, a detailed geometric functional
assessment of the RV was not done. Immediately after the BAS,
after creation of an adequate inter-atrial communication, the RV
was able to decompress and unload itself, followed by rapid symp-
tomatic improvement.
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[Figure 2. (a, b) Inoue balloon in
The cardiac catheterization data in our case conﬁrmed systemic
esaturation (which is expected after successful BAS in such a case)
ithout much fall in RV pressures. The lack of fall in RV pres-
ure is also not unusual as the pulmonary vascular resistance in
uch cases is extremely high (pre- and post-BAS PVR of 11.3 and
.5 wood units, respectively, in our case), and often irreversible
hanges have already occurred in the pulmonary vasculature. The
ode of improvement in such cases following BAS is RV decom-
ression with rapid amelioration of congestive features as also
appened in our case. During follow up, the RV systolic pressure
ay show some reduction as happened in our case as well, who
ad a RV systolic pressure of 70 mmHg  at 2-week follow up. How-
ver, at 8 months there was no further fall in RV systolic pressure,
lthough the patient remained well.
We used balloon dilatation to create an ASD, since this has been
escribed to be safer than blade septostomy in such situations [6,7].
he inadvertent creation of an oversized septal defect at the atrial
evel with blade septostomy has been associated with worsening
ypoxemia, LV failure, and increased complications. The Inoue bal-
oon was used for its unique design with its self-seating mechanism
nd the added advantage that if required, upsizing can be done
ith the same balloon. Upsizing is often required since sometimes
 graded balloon dilatation technique is employed for such patients
although it was not required in our case).
Adult patients with large shunts and consequent severe PAH
re not uncommon in the developing world, since they often seek
edical attention late in the course of the disease. Although often
AH in such cases is reversible with amelioration of symptoms after
losure of the defect, our patient demonstrated persistent PAH and
ight heart failure after surgery, due to failure of the right ventricle
o decompress adequately.
Published  recommendations suggest avoiding atrial septostomy
n patients with a mean RA pressure >20 mmHg, PVR >55 wood
[
[ across the inter-atrial septum.
units,  a predicted 1-year survival <40%, and baseline systemic oxy-
gen saturation <90% [8]. However, despite a high peri-procedural
risk, atrial septostomy remains an attractive palliative considera-
tion in patients with severe PAH, given its possible beneﬁts.
We  report for the ﬁrst time, the use of an Inoue balloon to create
an artiﬁcial inter-atrial communication in a patient with persistent
right heart failure and severe PAH following surgical closure of the
ASD.
Appendix A. Supplementary data
Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.jccase.2012.02.002.
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